Few papers provide research about options returns, and the few available are focused in the analysis from the perspective of the long side of the option contract, i.e. the buyer that pays the price and her expected and realized option return. The main point of our research work is to provide a simple metric to analyze option returns from the perspective of the short side of the contract, the seller, where at the time of the sale of naked options, capital is committed in the form of a guarantee or margin (similar to net worth). We estimate realized returns from passive investment strategies, by assuming puts and calls are kept until the expiration of the maturity. To that purpose we develop an appropriate algorithm which is applied on real historic data. Our result is a distribution of realized option returns (ex-ante prices and ex-post cash flows whether the options end up in or out-of-the-money with respect to margin requirements) for the seller point of view, as if the seller was an insurer seeking to calculate how profitable the insurance activity is. From the results we can see that selling puts is more profitable than selling calls, without adjusting for the return of the underlying asset and for the risk free rate of return, something in line with what was expected, but we also find that the risk is approximately the same. We also find that time tends to increase the realized returns, measured everything on annual basis. JEL: C1, C3, N2, G11.
I. Introduction
One of the main differences between equities and options is that the later have a defined maturity and at some time in the future the contract expires and payoffs occur, which allows to calculate the complete return of holding these contracts. By contrast, in equities returns are measured by comparing the appreciation in equity price and dividends with respect to the original equity price for any period of time.
In options, the scarce literature available analyzes expected and realized option returns from the perspective of the long side of the contract. i.e the buyer, considering the priced paid and the payoffs obtained. The empiric studies available show that buyers of options earn less return that what it is expected from theory according to the risks.
Our objective in this paper is to study and provide empirical evidence and insights about the realized returns of call and put options contracts from the seller point of view, by analyzing the net payoffs of those contracts with respect to the capital committed under the assumption that the contracts are held open until expiration, or in other words, what empirical evidence says about how risky and profitable these contracts are for the seller.
To do so we define a metric to measure options returns from the seller point of view, write an algorithm -which is applied on historic data-that simulates the sale of at-themoney european options and collects premiums at ex-ante market real prices (inflow of money to the seller of options), hold these contracts open until the original expirationwhich is our definition of passive investment strategies-, calculates the ex-post payoffs (outflow of money for the seller in case the option ends up in the money) and with that data calculating a realized return.
One of the main features of our study is that we consider the margin requirements (guarantees) regulatory established as the initial investment committed, and therefore we compare the net payoff with the margin requirements along the life of the contract to obtain a realized return.
The algorithm retrieves data from an historic data base of market prices to perform the operations and obtain a distribution of the returns. To do that we analyze the value of near at-the-money call and put options written on three main indexes in the US markets for a sufficiently long period of time, and evaluate the net payoffs considering premium prices received and cash flows paid had the options been held until expiration.
The results obtained are useful to broaden discussion about the implications of realized returns for ex ante option pricing. As a result we seek to provide empirical evidence that helps practitioners to assess the ex-ante valuation of options; thus the findings are presented in a fashionable way that allows to understanding the implications for options valuation.
II. Literature
We have found there was not so much literature on this subject. Specific literature refers to Benesh and Crompton (2000) where the authors perform research by analyzing historical return distribution of calls, puts and covered calls for the period 1986-1989, by means of studying the return on a twelve weeks period, finding that evidence allows to delineate the extreme risks and potentially large rewards associated with the purchase of both call and put options.
There was another paper published the same year by Coval and Shamway (2000) where the authors examine expected option returns in the context of classic CAPM theory, obtain estimated betas for such contracts, estimate the expected option returns and then comparing them with the realized returns. Using some weak assumptions, they find that expected call option returns exceed those of the underlying security and increase with the strike price, and expected put options returns are below the risk-free rate and increase with the strike price. They also show that realized returns for the long position are below from those predicted by the CAP model for both calls and puts options, and they also suggest that there might be some additional factor beyond the second moment of the distribution, such as systematic stochastic volatility, priced in option returns. This last evidence may be consistent with the fact that if asset pricing only cared about mean and variance, hence options contracts are redundant given that they are constructed as a linear combination of existing assets.
There is another article in Summa (2003) 1 analyzing options kept until expiration, and shows three key patterns emerging: (1) on average, three out of every four options held to expiration end up worthless; (2) the share of puts and calls that expired worthless is influenced by the primary trend of the underlying; and (3) option sellers still come out ahead even when the seller is going against the trend.
As it may be seen, the literature studying option returns is very scarce and not much evidence has been provided to better understand the phenomena of how well are options priced from an ex post point of view, even more taking in account the abundance of data and data processing capacity we now have to perform those studies, and the fact that there is an expiration date.
Another point to take into account is that all the literature falls in an academic bias towards analyzing option returns from the point of view of the buyer side instead from the point of view of the seller side, being the last one of the main features of our work.
III. Options

a. The Value of Options
The standard definition identifies an option as the contract that gives the right, but not the obligation, to buy or sell a particular underlying asset at a specified price during a certain period of time. 2
The worth of a particular option contract to a buyer or seller is measured by its likelihood to meet their expectations, which means it is determined by whether or not the option is, or is likely to be, in-the-money or out-of-the-money 3 at expiration, and discounting that value to the present. If an option is not in-the-money at expiration, the option is assumed worthless. This relation between the value at the beginning and the value at the end shall be of much importance in the development of the present paper.
The simplest valuation methodology 4 for an option is based mainly in the construction of a replicating portfolio, under the assumption that markets are complete, consisting in a linear combination of the underlying asset and a risk free asset, where weights are chosen to replicate the payoff of the sought option, and hence both assets (the option and the portfolio) must have the same present value. 2 A call option is the right to buy an asset; a put option is the right to sell it. The contract offers the buyer the right, but not the obligation, to buy (call) or sell (put) a security or other financial asset at an agreedupon price (the strike price) during a certain period of time or on a specific date (exercise date). These contracts also have an expiration date which differentiates them to equities. When an option expires, the contract finishes and it pays off or not. From our point of view this is a very insightful observation when comparing with equity, where options have a maturity and only live for a period of time, and are similar to insurance contracts. 3 A call option is in-the-money if the current market value of the underlying stock is above the exercise price of the option. The call option is out-of-the-money if the stock is below the exercise price. A put option is in-the-money if the current market value of the underlying stock is below the exercise price. A put option is out-of-the-money if its underlying price is above the exercise price. 4 It has been written extensively and deeply about option pricing, from the original contributions from Black and Sholes (1973) and Merton (1973) , building on previous works by Arrow and Debreu (1954) and Mac Kenzie (1959) , and after supplemented by Cox, Ross and Rubinstein (1979) and many others.
For a non-paying dividends asset, the famous Black Scholes Merton (BSM) formula for an european call is:
Where c is the value of the call, S is the current value of the underlying asset, X is the price at which the buyer has the right to buy, r is the risk free asset and T is the time to maturity; N(d 1 ) and N(d 2 ) shows the cumulative standardized normal distribution to certain points constructed by the use of the previous parameters 5 .
The closed formula for the put option is obtained in the same way:
These are standard and basic formulas for simple option valuation and their beauty is that they get rid of the risk adjusted expected rate of return by assuming the investors are risk neutral, and markets are complete, and under a synthetic probability distribution the expected is obtained and discounted by using the risk free rate.
However, as we have mentioned before, most of the literature focuses on the ex-ante valuation of options, or on how options should be priced, but we could not find much research evaluating the ex-ante value with the ex-post payoffs.
b. Expected and realized option returns
The literature shows two formulas for the calculation of instantaneous expected option returns 6 . One example is shown in McDonald (2006) where the expected instantaneous option return can be written as:
5 For more detail see for instance Hull (1993 ) or Neftci (1996 . 6 The instantaneous expected return of an option can be easily obtained by using the stochastic differential equation for the pricing of derivatives. 7 Where E(r f ) = annualized expected instantaneous option return , rf = risk-free rate, E(r S ) = annualized stock return, S = stock price, O = option price), and ∆ o = delta of option.
The other one is shown by Rubinstein (1984) for a call:
However, as we have mentioned, in the two cases the bias comes from analyzing the option contracts from the buy side, as an investor who goes long in those contracts would do.
The papers that analyze realized returns, like Benesh and Crompton (2000), Coval and Shamway (2000) , Bondarenko (2003) or also Broadie et. al (2009) also analyze realized returns from this perspective, where option returns are calculated by comparing the option payoff with respect to the original premium paid.
In all cases the empirical evidence shows that investor receive less return than what it is predicted by risk measures (and in some cases, authors hypothesize that there are some risk insured not captured by models); this perspective can also be understood as option sellers receiving more returns than predicted by the models.
Our main challenge in this paper is to show the seller perspective, and hence a different methodology of calculating option returns, by associating option contracts more to an insurance contract, and hence calculating realized returns by comparing the investment sunk as guarantee with the realized pay offs from the realization of events (where events are that options end in or out-of the money).
c. Options as insurance
It can be said that selling options can be associated to selling insurance. For instance the buyer of car insurance pays a premium every month to an insurance company in order to protect her vehicle. As a result in most cases, the buyer does not suffer an accident (the policy expires "out of the money"), and the insurance company keeps the amount of money originally received as a profit. However, if the owner does happen to be involved in an accident, the insurance company pays her the amount insured (the policy ends up in the money). The premiums charged by insurance companies try to be aligned with the likelihood of having an accident, and companies must maintain a certain amount of money (a guarantee fund or actuarial reserves) to pay out when accidents occur.
Much of the profit from the insurance management comes from trying to avoid drivers that reckon are prone to accidents, or charging them with higher premiums, and from financial investments made with the guarantee fund.
It could be said that an option seller goes through a similar process. Just as most drivers do not have accidents, many (and perhaps most) of the seller´s options will never end up in the money. However, as in insurance industry, a few bad accidents can hurt the profits. An insurance company, therefore, tries to reduce the likelihood that one of its insured drivers will have an accident by checking a number of factors such as driving record, age of the driver, type of car, etc. An option seller goes through the same process but instead of studying drivers' behavior, the option seller may study the market's "driving record" which is shown by historical tendencies, current and future economic fundamentals, etc. While an insurance company can in no way guarantee that the drivers it selects will not suffer accidents, it can certainly help its business by selecting only drivers who have what it considers a low chance of being in an accident. Thus it can lower its risk and increase its profitability. On the other hand, the insurance company must incorporate capital, both from a business and form a regulatory point of view, in relation to the level of uncertainty and the exposure it is insuring against.
Under the proposition of our paper, we associate the seller of options to the insurance company, collecting premiums when selling the options, incorporating capital in the form of a margin requirement, keeping the options opened until expiration and then paying or not the events insured (whether the options end up in or out of the money) and we want to show her business record by the analysis of historic data.
IV. Proposition, data analyzed and methodology a. Proposition
Our proposition is to study the realized returns of call and put options for a long period of time, under the assumption they are kept until expiration -denominated passive investment strategy-, to evaluate the results of such a strategy (and hence the probability distribution of realized returns). In terms of the insurance company example mentioned before, what we are going to do is to perform a backward search of results to obtain realized returns from the strategy of selling policies (options) and collecting the premium, comparing the amount received against the amount effectively paid at the end of each contract, and comparing that amount with the margin requirement (capital incorporated by the investor from our perspective).
If we see the sale of options as an equivalent of an insurance company selling policies, as it was previously mentioned, selling a call insures the buyer against an upward movement of the market (the states of the nature where the buyer gets paid for the event), and selling a put insures against a downward movement of the market.
We understand that the strategy of maintaining options until expiration may not be often seen in the capital markets, because investors enter and exits from options and close contracts by means of trading before maturity; however the main insight of our work is to understand how well are option priced from the seller point of view in accordance to the capital invested as margin, collateral o guarantee, and so far we have not seen many empirical studies studying option returns, and no one analyzing options returns from this perspective, by analyzing what would have happened to the issuer of options had investors kept their options until expiration. Even though we do not expect to see such a strategy in practice, getting to know about the distribution of realized returns may help us better understand the value of options and regulation.
b. Data
The data analyzed is obtained from the market prices for european options, traded on the Chicago Board Options Exchange (CBOE), written on three major indexes: -Dow Jones Industrial Average, -Standard & Poor's 500, -Nasdaq 100.
All of them are considered broad based and liquid indexes. This definition influence the way margins are calculated. The period of time to be analyzed is very broad, where available data ranges from January 1996 until July 2013.
We have restricted our research to near at-the-money (ATM) naked call and put options in order to evaluate the returns of what we denominate a 'passive' strategy of selling options and holding the contract open until expiration.
In addition, the maturities for the selected options were 60, 180 and 365 days. In practical terms, in any given day, options with the nearest time to maturity (with respect to the ones specified) and a degree of moneyness between 0.95 and 1.05 were selected as candidates to conduct the study.
c. Methodology
The methodology we followed is very simple. We wrote an algorithm in Matlab, to retrieve the relevant data and perform the following calculations. The process takes the bid market price of both the call and put options at a certain moment in time, as a money inflow. By assuming the options is kept open until expiration, we computed the option's payoff at maturity, considering both the settlement price at that time as well as the option already defined strike. This is considered a potential money outflow, depending on the circumstances. If the options ended up in-the-money, there was an outflow of money for the seller which accounts negatively; if the option ended up out of the money, the payoff became zero.
d. Options returns for the seller
A key innovation of our work is how we measure option returns. As we mentioned before, in the literature realized returns are measured by comparing the payoffs with the premium paid by an option buyer, which reflects the long side of the contract.
Our innovation is to analyze the payoff for the sell side, the one that goes short and "insures" the buyer. For this side, the calculation of returns is very simple: the seller sells option contracts, collects premiums, sinks money as guarantee, and then analyzes payoffs according to whether the options contacts end up in or out-of-the-money. As time goes between the initiation and the expiration, in the case the option becomes inthe-money, margin calls are required and more collateral has to be sunk to afford the need of capital. This could be seen as an injection of capital. On the other hand, if the option becomes out-of-the-money as time goes by, this situation frees capital and hence collateral is reduced.
Once we have premiums and eventual payoffs if a particular option happens to end inthe-money, we estimate the internal rate of return of the contract, by taking the resulting cash flow from evaluating the difference between the inflow value and the outflow value, weighted on different margin metrics that are committed for the naked short sale: the initial margin (Margin Initial ), the average margin ‫݊‪݃ଓ‬ݎܽܯ(‬ തതതതതതതതതത ) and the maximum margin (Margin Max ) required. On the one hand, for a call the formula is as follows,
Where the subindex i refers to the specific option analyzed in terms of dates and strikes, while the supraindex k stands for a specific margin type, where:
It is worth noting that the average margin is calculated as the sum of the daily margins, weighted on the number of trading days between the observed date and the expiration date.
On the other hand, the formula for the put options is
Operating in a similar fashion as mentioned previously for the call options (except for the final payoff).
The key component of our work is that we use margin requirements as the denominator for the calculation of option returns. At some point of our research, we have been told by academics to use the value of the underlying asset or the exercise price as denominator for return measure purposes, but we consider this to be an artificial measure of the collateral involved since the real capital sunk is the margin requirement.
In order to establish the daily margin requirements, we use the appropriate formula for broad based index options naked short sale, as detailed in the CBOE Rulebook (CHAPTER XII -Margins 9 ). For the sake of comparison, we annualized the internal rate of return in the simplest way, by scaling up the period of time until one year, getting as a result an arithmetic annual return rate:
where T is the time to maturity of the option.
To check whether incompleteness issues arise in the queried data, filters are applied for the different maturities (and both filtered as well as non-filtered results are shown). For the case of near to 60 days to maturity, two filters are applied. The first one is to remove options that have less than 50 days to maturity or more than 70 days to maturity. The second one is to remove options that have less than 10 days of trading activity. When moving forward to near 180 days to maturity, the filters are adapted to a range between 160 and 200 days, and 20 days of trading activity. Finally, for the 365 days options, the time-to-maturity range is established between 335 and 395 days, while the number of trading days extends up to more than 40 days.
V. Results
On a general basis, we expected to find that selling put options had a better payoff than selling calls, as well as selling shorter maturities yield a better (but more volatile) payoff than longer maturities. The first result is consistent with an aggregate index price that historically grows at the annual geometric rate of return of 7.3% with an annual standard deviation in the rate of return is 18.53%, as it can be graphically seen in the following chart showing 118 years of Dow Jones Industrial Average price history (until July 2014).
Graph I
As a common factor for the whole sample, large volatility is experienced, in all maturities, types and indexes. Taking into account the fact that we use three types of margin calculations in order to compute the internal rate of return, we are displaying the results in terms of those different considerations.
The direct return of selling call options, while positive, lags those of put options; as maturity increases, the difference between the two strategies expands. That can be appreciated in tables I and II (which contained summarized data for call and put options, respectively). If instead of calculating the payoffs with the average margin requirement (to obtain realized returns) we use the maximum margin (throughout the lifespan of the option) as the denominator, results 'worsen' slightly, but might turn out to be more realistic in terms of the return on the investment. Given that, in order to reach the expiration date margin calls must be avoided, taking into account the maximum margin penalizes the internal rate of return but express in a greater degree of precision the amount of capital needed at each point for the selling activity to be completed. As shown in tables III and IV, applying this metric, instead of the average margin, results in a thinning of the distribution's tails and a lower degree of variability. Table III   Table IV Finally, we present graphs IV and V, displaying in a rolling fashion the IRR for the selling put strategy on a selected index, with maturities of 60 days and 365 days, Put Option Summary Statistics respectively. One can appreciate that returns are highly dependent on both the underlying index performance, as well as the time to maturity available in the option. The latter concept is highly relevant, as one could expect that markets, in the long run, adjust to their 'natural' rate of return, making viable a strategy of selling puts, and penalizing the opposite strategy (selling calls).
Graph IV Graph V For a broader array of empirical results, showing strategy's returns filtered by indexes as well as maturities, appendix A has been included.
VI. Synthesis
The simplest way of analyzing returns in finance is the relation between the money committed or invested with respect to the payoff obtained. In options, the literature calculates returns relating the money committed as premium paid, and the money obtained from the option payoff (or the in between appreciation or depreciation of the value of the option). The literature reports that option buyers tend to earn less return than predicted by standard risk return models. However, the research focusing on studying and calculating expected and realized option returns is mainly biased towards the buyer´s returns.
Our main objective in this paper has been to show a different perspective of options themselves from the seller point of view, and a different metric to calculating option realized returns.
The results obtained are, from our point of view, very insightful and may open further discussion. We see that the realized returns of call selling are lower from the realized returns of put selling, which is in line with theory, but we would have expected those returns to be lesser than what we obtained (given that selling calls implies going short on the underlying asset) and from Graph I we see that the realized appreciation rate of return of the DJIA is greater that the risk free rate of return. Let's remember that the expected option returns are determined by the "valuation" gap between risk-neutral and real world probability measures, and the magnitude of the returns is finally defined by the difference in the location and shape parameters of those distributions. Finer and more precise modelling may help get a grasp of what's happening, considering pricing events such as jumps.
Another insight comes from the fact that from tables I, II, II and IV, though there is a difference in the realized rate of return (put rate of return higher than call rate of return) the standard deviation of returns is approximately the same, letting to think it could be the case it becomes much more risk efficient and profitable to sell puts than to sell calls. The caveat should be made that we have not incorporated in our analysis the risk free rate of return and the index rate of return in order to get an appropriate estimation of equation [2] , however it is interesting to see different realized returns with almost the same risk (using only standard deviation as a proxy for that). We find that time tends to increase the realized returns, measured everything on annual basis.
Finally, among our main results we have that we have been able to propose the possibility of using realized returns to feedback the way option valuation is made, to better understand how the prices indeed reflect at the end what is expected to happen, to provide a measure to calculate option returns, and finally to understand how important is margin requirement regulation in that specific measure.
What it is left for further studies is to further evaluate the relation between risk and required equilibrium return in options, and to get consensus about how option returns 
